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[571 A B S T R A n  
A low friction, object guidance, and gripping finger 
device for a robotic end effector on a robotic arm, hav- 
ing a pair of robotic fingers each having a finger shaft 
slideably located on a gripper housing attached to the 
end effector, each of the robotic fingers having a roller 
housing attached to the finger shaft. The roller housing 
has a ball-bearing mounted centering roller located at 
the center, and a pair of ball bearing mounted clamping 
rollers located on either side of the centering roller. The’ 
object has a recess to engage the centering roller and a 
number of seating ramps for engaging the clamping 
rollers. The centering roller acts to position and hold 
the object symmetrically about the centering roller with 
respect to the X axis and the clamping rollers act to 
position and hold the object with respect to the Y and Z 
axis. 
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ROLLING FRICTION ROBOT FINGERS 
ORIGIN O F  THE INVENTION 
The invention described herein was made by an em- 
ployee of the United States Government and may be 
manufactured and used by or for the Government for 
governmental purposes without the payment of any 
royalties thereon or therefore. 
TECHNICAL F I E L D  
This invention relates to an object gripping device for 
robotic applications and more specifically relates to a 
low friction object guidance and gripping finger unit for 
a robotic end effector for a robotic arm. 
BACKGROUNDART 
Great efforts have been made to make improvements 
in the design of robotic grippers; however, end effec- 
tors, or hands, for robotic arms continue to be a limiting 
element for efficient use of the robotic grippers. Fre- 
quently, robot grippers for space use employ finger 
elements containing “V” grooves to grip an object. 
These “V’’ grooves are used to both guide the object 
into place within the robot finger mechanism and to 
grasp and lock the object in that position once the ob- 
ject is securely in place. The “V” groove grippers have 
a frictional component at the interface between the 
object being grasped and the gripper finger. This fric- 
tional component causes several problems in the grasp- 
ing process itself. First, it causes wear between the 
gripper finger and the object being grasped which, in its 
turn, rapidly leads to “burring” and contamination on 
both members. This frictional component also increases 
the force which the gripper motor must employ to pull 
the object in and seat it. This increase in the required 
force also translates into increased motor power and 
thermal control problems for the gripper motor. And, it 
reduces the effectiveness of the grooves in the robot 
finger to perform as a guide for aligning the grasped 
object with the robot fingers. Also, the frictional com- 
ponent confuses the force sensors associated with the 
gripper. The sensors are really detecting the vectorial 
sum of the grasping force plus the friction. But, friction 
is very unpredictable, thus sensor measurement accu- 
racy is adversely affected. Also, as the object is pulled 
into the grasp of the fingers, the frictional component 
changes sporadically between static and dynamic fric- 
tion causing a skipping effect which further confuses 
the sensors. Finally, the friction present when “V” 
groove fingers grasp an object can make it difficult for 
the gripper to  release that object. This problem appears 
when the robot does not completely release the side 
loads and torques on the gripper before attempting to 
open the gripper jaws. 
An alternate form of the “V” groove scheme is the 
pins and cones method wherein the cone acts as a multi- 
ple “V” groove, centering the object in the x, y, and 
z-axes; and allowing rotation about the x-axis and rota- 
tion about the y-axis. The pin resolves the rotation 
about the z-axis. 
For large space robots such as those used on the 
Space Shuttle (for example the Shuttle Remote Manipu- 
lator System (RMS)), a snare technique is used to cap- 
ture an object. The snare itself is comprised of two or 
more wire rods with hooked or curved ends mounted to 
a common housing. To capture an object or  payload, 
the wire rods are rotated toward one another such that 
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the edge of the rods having the hooked or curved ends 
engage the payload and pull the payload into the hous- 
ing and hold the payload securely in position. 
The snare system used in the RMS has disadvantages 
that differ from those of the “V” groove fingers. The 
snare system was primarily designed to capture spin- 
ning satellites in space; it has no frictional component 
when it grasps an object in space. However, the snaring 
process is a complex one because 1) the end effector 
requires a relatively long axial length to have enough 
range to search out and locate an object; 2) the several 
motors and gears located within the end effector are 
difficult to control such that an operator can manipulate 
the gripper with the precision movement necessary to 
quickly and efficiently grasp an object; 3) the end effec- 
tor must also employ separate latches to secure the 
object once it is pulled in by the snare. 
The apparatus disclosed in the instant invention over- 
comes the shortcomings of the “V” groove and snare 
grippers by providing an end effector gripper that will, 
with very low frictional forces, effectively guide, align 
and seat an object in a desired position without causing 
“burrs” or contamination that will damage the object. 
STATEMENT OF T H E  INVENTION 
It is therefore an object of the present invention to 
provide a set of fingers for a robot gripper, or attach- 
ment and stabilizing system for a robot as a whole that 
will improve the gripper’s ability to more effectively 
grasp an object. 
It is another object of the present invention to pro- 
vide a robot gripper that has a low frictional component 
at the interface between the object being grasped and 
the gripper fingers. 
It is a further object of this invention to provide a 
robot gripper that does not cause “burring” to the ob- 
ject being grasped nor the gripper finger element. 
It is still another object of this invention to provide a 
robot gripper that does not damage or contaminate the 
object being grasped. 
It is still a further object of this invention to provide 
an improved robot gripper that smoothly and efficiently 
guides, aligns and securely seats an object in the desired 
position within the end effect apparatus despite large 
misalignments. 
It is an additional object of this invention to provide 
an improved robot gripper that will more accurately 
transmit the magnitude of vector component forces 
present within the grasped object to  force sensors asso- 
ciated with the gripper mechanism, thereby improving 
the sensor’s signal-to-noise ratio and making the sensor 
readings more clear and predictable. 
It is another object of this invention to provide an 
improved robot gripper that is reliable and durable in 
operation that is also easily and inexpensively con- 
structed relative to other robot grippers utilized in 
space applications. 
It is a further an object of this invention to provide an 
improved robot gripper that will roll easily away from 
and reliably release an object subjected to side forces 
and torques. 
The foregoing objects and others are achieved by 
providing a pair of robot gripper fingers, which move 
towards each other trapping an object being grasped 
between them. A central roller locates the object being 
grasped with respect to the X coordinate. Final location 
of the object being grasped is provided by final locating 
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rollers. The object being grasped has a receptacle for 
the central roller and locating ramps for the final locat- 
ing rollers. A margin of safety in securing the grasp is 
provided even if the final locating rollers should roll off 
the locating ramps. A provision for allowing for correc- 
tions in misalignments about the Z axis without binding 
between the fingers and the object being grasped is also 
incorporated into the design. 
The mode of operation is as follows. The robot 
moves the gripper such that the fingers are one on each 
side of the object to be grasped. The gripper then moves 
the fingers towards each other. In this discussion, it is 
assumed that the left finger encounters the object first 
(the sequence is merely reversed if the right finger make 
the initial contact). The central roller of the left finger 
thus contacts one edge of the central roller receptacle. 
As the gripper fingers continue towards each other, the 
central roller of the left finger begins centering the 
object with respect to the X axis. Soon afterwards the 
central roller of receptacle and begins centering the 
object with respect to the X axis from the other side. At 
this point the object is centered with respect to  X to the 
uncertainty of the clearance between the central rollers 
and the central roller receptacles As the gripper fingers 
continue towards each other, the final locating rollers 
begin to encounter parts of the object being grasped. 
This series of encounters begins to align the object and 
fingers with respect to  Y and twist about Z. Next, the 
final locating rollers begin to contact the final locating 
ramps. Since this is happening on both sides of the ob- 
ject being grasped, twist about Y is taken out. When the 
forces on all eight final locating rollers are equal the 
motion of the gripper fingers is stopped and location 
with respect to Z is set as are the final locations of the 
other five vectorial components (twist about Z and X, 
twist about X and Y ,  twist about Y ) .  The forces on the 
final locating rollers and the reactions to these forces on 
the final locating ramps of the grasped object set up a 
frictional grasp of the object which is rattle-free. This 
frictional grasp is backed up by mechanical interference 
(safety features) in every vectorial component except Z 
which is a function of the gripper drive. Several stan- 
dard techniques can be used to provide a mechanical 
interference in Z such as employing a nonback-drivable 
acme screw in the griper drive. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a rolling friction fin- 
ger mechanism according to  the teachings of the pres- 
ent invention. 
FIGS. h and 26 are face and top crossrsectional 
views of the left o r  right finger of the mechanism shown 
i- FIG. 1. 
FIGS. 30 and 3b are face and side views of the roller 
housing of the left or right finger shown in FIGS. h 
and 2b. 
FIGS. k, 4b and 4c are illustrations of an object to be 
grasped showing the object’s end view, front view and 
top view, respectively. 
FIG. 5 is a top schematic view of the rolling friction 
finger mechanism rollers at the initial stage of grasping 
the object shown in FIG. 4. 
FIG. 6 is a top schematic view of the rolling friction 
finger mechanism with the centering rollers engaged or 
grasping the object of FIG. 4. 
FIG. 7 is an end schematic view depicting now the 
clamping rollers of the rolling friction finger mecha- 
nism initially contact or grasp the object of FIG. 4. 
4 
FIG. 8 is a side view illustration depicting how the 
clamping rollers of the rolling friction finger mecha- 
nism initially contact or grasp the object of FIG.  4. 
FIG. 9 is a side view illustration depicting the clamp- 
5 ing rollers of the rolling friction finger mechanism 
grasping the object of FIG.  4 in the clamping rollers 
final setting or locking position. 
FIG. 10 is a top schematic view depicting the clamp- 
ing rollers of the rolling friction finger mechanism 
10 grasping the object of FIG.  4 in the clamping rollers 
final seating or locking position. 
FIG. 11 is an end schematic view depicting the 
clamping rollers of the rolling friction finger mecha- 
nism grasping the object of FIG. 4 in the clamping 
FIG.  12 is a side view of a typical clamping roller 
illustrating how it directs the object of FIG. 4. 
FIG. 13 is a force and displacement diagram illustrat- 
ing component force and displacement relationships for 
FIG. 14 is a force and displacement diagram illustrat- 
ing component force and displacement relationships for 
the prior art “V” groove type finger. 
FIG. 15 is a face cross-sectional view of a first alter- 
25 nate embodiment of the rolling friction finger mecha- 
nism. 
FIG. 16 is a side cross-sectional view of a first alter- 
nate embodiment of the rolling friction finger mecha- 
nism. 
FIG. 17 is a face cross-sectional view of a second 
alternate embodiment of the rolling friction finger 
mechanism. 
FIG.  18 is a top cross-sectional view of a second 
alternate embodiment of the rolling friction finger 
FIG.  19 is a face view of a third alternate embodi- 
ment of the rolling friction finger mechanism. 
FIG. 20 is a top view of a third alternate embodiment 
of the rolling friction finger mechanism. 
FIGS. 210, 21b and 21c are illustrations of an object 
to  be grasped by the third alternate embodiment of the 
rolling friction finger mechanism showing the object’s 
top view, front view and section view along line A-A, 
respectively. 
FIGS. 22u is a schematic of how the third alternate 
embodiment of the rolling friction finger mechanism 
centers the object of FIG. 21 with respect to twist about 
the axis. 
FIG.  22b is a schematic of how the third alternate 
50 embodiment of the rolling friction finger mechanism 
centers the object of FIG. 21 with respect to the Z axis. 
FIG. 2 2  is a schematic of how the third alternate 
embodiment of the rolling friction finger mechanism 
centers the object of FIG. 21 with respect to the X axis. 
FIG. 22d shows the net alignment forces of the object 
of FIG. 21 grasped by the third alternate embodiment 
of the rolling friction finger mechanism. 
FIG. 23 shows the final seating of the object of FIG. 
21 by the third alternate embodiment of the rolling 
DETAILED DESCRIPTION OF THE 
INVENTION 
15 rollers final seating or locking position. 
20 the clamping roller and object of FIG. 12. 
30 
35 mechanism. 
4-9 
45 
55 
60 friction finger mechanism. 
In the preferred embodiment the rolling friction fin- 
65 ger mechanism is shown generally at 20 in FIG. 1. The 
gripper housing 22 is attached to a robotic end effector 
10 (shown schematically) in a standard manner which is 
well known in this art. Attached at each end of the 
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gripper housing 22 is a finger shaft 24 upon which is ger mechanism 20 such that the object to be grasped 34 
mounted a roller housing 26 which supports centering is positioned between the left finger 29 and right finger 
roller 30 and four clamping rollers 32 to form one finger 31. The rolling friction finger mechanism 20 then moves 
of the rolling friction finger mechanism 20; the left the left and right fingers 29 and 31 toward the object 34 
finger is thus shown as item 29 and the right finger is 5 to be grasped. In this example, it will be assumed that 
shown as item 31 thereby forming a pair of opposed the left finger 29 makes initial contact with object 34; 
parallel throw robotic fingers mounted via gripper however, the sequence would simply be reversed if the 
housing 22 to end effector 10. Centering roller 30 is right finger 31 made the initial contact with object 34. 
supported by a standard bearing shaft assembly 28 Centering roller 30 of the left finger 29 will make initial 
(which will be shown and described in greater detail 10 contact with object 34 at one edge of recess 46 near the 
later) and each clamping roller 32 is supported by a object’s safety lip 48. It should be noted that centering 
standard bearing shaft assembly 33 (to be shown in roller 30 has the ability to rotate either clockwise or 
greater detail later). The four clamping rollers 32 on counterclockwise depending upon which way object 34 
each finger are mounted in two pairs that are positioned must be guided to draw or guide object 34 into finger 
symmetrically about centering roller 30. A specially 15 units 29 or 31. As the left and right fingers 29 and 31 
designed object to  be grasped shown at 34 is what is to continue to move toward each other, centering roller 30 
be grasped by the rolling friction finger mechanism 20. of finger 29, in this case, will rotate counterclockwise as 
Object 34 can be a part of or  mounted to a much larger shown by the arrow, thereby engaging object 34 at 
object that is to be manipulated by the robot, such as a safety lip 48 and steering or guiding centering roller 30 
piece of structural material, a satellite an electronic 20 of left finger 29 in one recess 46 of object 34. One end of 
device, etc. Thus in this invention there is a pair of object 34 will now be positioned symmetrically about 
opposed parallel throw robot fingers (29 and 31) which centering roller 30 with respect to the x-axis in the 
move towards each other trapping the object 34 to be horizontal plane. It should be noted that the rolling 
grasped. Centering roller 30 is used to locate the object friction finger mechanism is designed or positioned SUCH 
31 to be grasped and the four clamping rollers 32 are 25 that it has two axes in the horizontal plane, an x-axis and 
used for the final location or seating of object 34. a y-axis which are orthogonal to one another; and it has 
FIGS. to and 26 show face and top cross-sectional a z-axis in the vertical plane, as shown in FIG. 1. 
views of the left or right finger showing the internal Next, the centering roller 30 of the right finger 31 will 
construction and design of roller housing 26, centering make contact with the opposite end of object 34 at one 
roller 30 and clamping rollers 32. Centering roller 30 is 30 edge of recess 46 near the object’s safety lip 48. Center- 
supported by bearing 36 including beating race or shaft ing roller 30 of finger 31 will also rotate counterclock- 
40. Each clamping roller 32 is supported by bearing 38 wise as shown by the arrow, thereby engaging object 34 
and bearing race or shaft 42. at safety lip 48 and steering or guiding centering roller 
FIGS. 3a and 36 show face and side views of roller 30 of right finger 31 into the second recess 46 of object 
housing 26 with the clamping rollers 32, centering roller 35 34. As fingers 29 and 31 continue moving toward each 
30, and their respective bearings removed. The clamp- other, the ends of object 34, as is shown in FIG. 6, will 
ing rollers are mounted in clamping roller retainers 39 now also be positioned symmetrically about centering 
containing orifices 44 in which a clamping roller bear- roller 30 of gripper unit 31 with respect to the x-axis in 
ing shaft 42 is inserted. The centering rollers are the horizontal plane. And, at this point in time, object 34 
mounted in centering roller retainers 41 containing 40, is now centered about both centering rollers 30 with 
orifices 43 in which the centering roller bearing shaft 40 respect to the x-axis in the horizontal plane; also some of 
is inserted. the twist of object 34 with respect to the z-axis is now 
The object 34 to be grasped by the rolling friction eliminated. 
finger mechanism 20 is shown in three dimensional As the fingers 29 and 31 still continue moving toward 
views i- FIGS. k, 46 and 4c. Object 34 has to be spe- 45 each other, the final locating rollers, clamping rollers 
cially designed with a number of “engagements” so that 32, begin to make contact with object 34 as is shown in 
it can be grasped and clamped or seated by the left and FIGS. 7 and 8. The top row of each pair of clamping 
right finger centering and clamping rollers. For this rollers 32 rotate counterclockwise to encounter and 
embodiment object 34 has an oblong, substantially rect- draw the edge of object 34, safely lip 48, into the re- 
angular shape with two engagements or recesses 46 at 50 cessed area between the pairs of clamping rollers; con- 
each end along length segment of object 34. To enable versely, the bottom row of each pair of clamping rollers 
the clamping rollers 32 to  clamp or seat object 34, an- 32 rotate clockwise to  guide safety lip 48 of object 34. 
other engagements, a safely lip 48, is provided which This series of encounters of clamping rollers 32 with 
has a wedge or seating ramp 50 upon which clamping safety lips 48 begins to align object 34 and fingers 29 and 
rollers 32 will rest when object 34 is properly located in 55 31 with respect to the horizontal y-axis and further 
its final clamped or  seated position. Recess 46 has tilt reduces twist about the vertical z-axis. 
ramps 52 along opposing edges. Each tilt ramp 52 also Next clamping rollers 32 continue to  move in or close 
has a centering boss 54 positioned at the apex of tilt in on object 34 until contact is made with the seating 
ramp 52. The tilt ramps 52 and centering bosses 54 ramps 50 of object 34 as is shown in FIGS. 9,10 and 11. 
facilitate the engagement of centering roller 30 with 60 Because the engagement is happening on both sides of 
object 34 by providing an initial contact point or surface object 34, the twist of object 34 with respect to the 
for centering roller 30 to allow for corrections in mis- vertical z-axis is now eliminated. When the forces on all 
alignments of object 34 with respect to the vertical axis. eight of the clamping rollers 32 are equally distributed 
The mode of operation of the rolling friction finger with respect to object 34, the motion of fingers 29 and 
mechanism 20 is shown in FIGS. 5 through 9. FIG. 5 is 65 31 is stopped and the location of object 34 with respect 
a top view of the rolling friction finger mechanism 20, to the vertical z-axis is set as are the final locations of the 
as shown in FIG. 1, shown at the initial stage of grasp- other five vectorial components (twist about the z-axis, 
ing object 34. The robot moves the rolling friction fin- the x-axis, twist about the x-axis, the y-axis, and twist 
5.120,lO 1 
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about the y-axis). The forces on the clamping rollers 32 
in the final locating mode and the reactions to these 
forces on the final locating ramps 50 of the grasped 
object 34, set up a frictional grasp of object 34 which is 
rattle-free. This frictional grasp is backed up by me- 
chanical interference (Le., safety features) in every vec- 
torial except the z-axis component which is a function 
of the gripper drive. Several standard techniques can be 
used to provide a mechanical interference in the z-axis 
component such as by employing a non-back-drivable 
acme screw in the gripper drive. 
Roller Bearing Design and Operation 
To understand the theory of operation of this inven- 
tion, an explanation of the internal roller bearing design 
and operation will be helpful. FIG. 12 illustrates the 
internal components of a typical clamping roller 32 and 
shows how it directs or guides object 34. The outer ring 
54 of clamping roller 32 is made of a resilient material 
such as rubber or plastic and is mounted on a bearing 
mechanism which in this instance are recirculating nee- 
dle bearings 56. Needle bearings 56 are mounted onto or 
supported by inner race 33 and are contained within 
bearing cage 60. Outer race 58 surrounds needle bear- 
ings 56 and abuts the inside of outer ring 54. 
In this example, clamping roller 32 is rotating coun- 
ter-clockwise (as shown by the arrow) as it moves to the 
left and makes contact with the safety lip 48 of object 
34, thereby creating a frictional force, FJ at the inter- 
face of outer race 58 and needle bearings 56 of roller 32. 
FIG. 13 diagrammatically illustrates the component 
force and displacement relationships for the clamping 
roller 32 and object 34 of FIG. 12, where: 
F,=the force exerted from object 34 (gripping 
F,=the normal reaction force of roller 34 to the 
FA = the alignment force. 
Rl  =the radius of outer race 58. 
Rz=the radius of outer ring 54 of roller 32. 
il =the displacement of F e  from the center line along 
12= the displacement of Fe from the center line along 
8 =angle of incidence (object 34 relative to roller 
The effectiveness of the rolling friction finger is mea- 
sured by a term called the Figure of Merit for Align- 
force). 
gripping force, F, 
the y-axis. 
the x-axis. 
32). 
5 
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where: 
ps= Coefficient of rolling friction between inner race 
33 and outer ring 54 as shown in FIG. 12, and 
F M A = 2  sin 8-(pR/COS 8)X(Rl /Rz)  (Equation 3) 
However, the robot force sensors will detect any FGCOS 
8 > 5  pounds and allow the robot arm to comply such 
that the sensors will detect the greater force of the 
following two equations: 
F M A = 2  sin 8 - ( ( p ~ / c o s  e)-(R]/Rz)) (Equation 4A) 
or 
F M A = 2  sin 831 ( 5 / F ~ ) x ( R l / R z ) .  (Equation 4B) 
Normally the ratio of R 1 / R 2  is less than 9 or 0.75, 
therefore the sensors will again detect the greater force 
of the following two equations: 
FMA=2 sin 8-(pR/COs 8 ) X ( 4 )  (Equation 5A) 
or 
F M A = 2  sin 8 - ( 5 / F ~ ) x ( l )  (Equation 5B) , 
For recirculating bearings, /.LR is approximately equal 
to 0.008 or  approaching a value of 0.01; therefore, the 
sensors will again detect the greater force of the follow- 
ing two equations: 
(Equation 6A) 30 F M A = 2  sin 8-(0.0075/~0s 8) 
or 
F M A = 2  sin 8-(0.0375/FG) (Equation 6B) 
35 Table 1 shows the range of values of FMA for the 
rolling friction under typical operating conditions as is 
described in Equations 1 through 6 and FIG. 13. In 
Table 1 FG has a value of 20 pounds. p~ has values of 
0.01 and 0.05 and 8 has a range of 0 to 90 degrees. 
40 TABLE 1 
p~ = 0.01 FG = 20 Ibs. p~ = 0.05 Fc  = 20 Ibs. 
0.0075 0.0375 
FMA e” c o s 8  FMA 8” case 
0.1668/0.1724 5 .00753 0.1367/0.1724 5 0.03764 
45 0.3397/0.3454 IO .@I762 0.3092/0.3454 10 0.03808 
0.6761/0.6822 20 ,00798 0.6441/0.6822 20 0.03991 
0.9913/0.9981 30 .00866 0.9567/0.9981 30 0.04330 
1.2758/1.2837 40 .00979 1.2366/1.2837 40 0.04895 
1.5204/1.5302 50 .01167 1.4737/1.5302 50 0.05834 
1.7171/1.7302 60 .01500 1.6571/1.7302 60 0.07503 
merit which is (referring to i3) 50 1.8575/1.8775 70 ,02193 1.7697/1.8775 70 0.10964 
the alignment force divided by the gripping force. 1.92a/1.9677 80 ,04319 1.7537/1.9677 80 0.21595 
Thus, 1.9274A.9735 81 .04794 1.7357A.9735 81 0.23972 
1.9266/1.9787 82 ,05389 1.7111/1.9787 82 0.26945 
(Equation 1.9236/1.9832 83 .06154 1.6774A.9832 83 0.30771 
1.9173/1.9872 84 ,07175 1.6303/1.9872 84 0.35875 
55  1.9063/1.9905 85 ,08605 1.5621/1.9905 85 0.43026 
It can be shown that: 1.8876/1.9933 86 ,1075 1.4575/1.9933 86 0.53758 
1.8540/1.9954 87 .I433 1.2807/1.9954 87 0.71652 
T ~ = 2 F & s i n  8 - T F  m u a t i o n  2) 1.7839/1.9969 88 ,2149 0.9243/1.9969 88 1.0745 
1.5700/1.9978 89 ,4297 -1.4901/1.9978 89 2.1487 
FMA=FA/FG 
-a/1.9981 90 cc -a/1.9981 90 oc 
where: 
T~=Alignment  torque 60 
COMPARISON OF ROLLING FRICTION 
FINGERS WITH “V” GROOVE TYPE FINGERS 
The alignment properties of the rolling friction finger 
65 are far superior to those of the “V” groove type finger. 
Referring to FIG. 14, where 
FN=the  normal force to the “V” groove structure; 
F G  = the gripping force; 
and: 
TF=Torque due to  friction (FFXRI)  (Refer to FIG. 
12). 
Thus: 
F ~ , 2 F g i n  8 - ( F ~ p s / c o s  B)x(R] /R2)  
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FA=the  effective alignment force, (FA1 -F); 
F R  = the finger reaction force; 
FF= the frictional force between the object and the 
gripper finger; and 
FA1 = the alignment force neglecting friction. 
It can be shown that: 
FMA=FA/FG=cos  8 - p  Sin 8 (Equation 7) 
where 
p=the coefficient of friction between the object 
being grasped and the gripper finger, and it can be 
psiuric or pdynomic depending upon the operating 
circumstances. 
Table 2 shows the range of values for FMA for slid- 
ing friction (“V” groove) fingers for various angles of 
incidence and static coefficients of friction based on 
Equation 7 and FIG. 14; here p~ to p5 are varying val- 
ues of the static coefficient of friction. 
TABLE 2 
10 
the contact surface between the fingers and part being 
grasped. With rolling friction. forces between the fin- 
gers and the part being grasped are essentially nil. Also, 
as illustrated in FIG. 12, with rolling friction the rela- 
5 tive motion occurs between the inner and outer races of 
the recirculating bearings. There is little relative motion 
between the object and the surface of the rollers. Be- 
cause very little relative motion and very small fric- 
tional forces are present, essentially no work can be 
10 done along the contact surface; therefore, no scarring 
will occur. 
Rolling friction fingers provide a superior signal to 
noise ratio for use with forcehactile sensors than doe- 
the “V” groove type finger. In FIG. 14 it is shown that 
15 when a “V” groove type finger (or any non-rolling 
type) encounters an object, a frictional force is estab- 
lished in addition to the formal force (FN). The sensors 
(in the wrist force torque sensor, for example) sense 
both FN and FF. But Ffi being a frictional force, is very 
~ 
8 UI FMA u, FMA uq FMA LIL FMA FM.4 
~ 
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Rolling friction fingers have an improved capture 
range and guidance capability over “V“ groove fingers. 
Static coefficients of friction are very unpredictable 
particularly for “V” groove fingers. The value 0.3 is a 
reasonable estimate for a static coefficient of friction for 
dry aluminum against dry aluminum and in space, 
where frictional values are even more unpredictable, 0.4 
is perhaps a more reasonable estimate. Referring to 
Table 2, if an FMA of 0.6 or better is desired using a 
standard “V” groove finger as shown in FIG. 14 and 
assuming a ps of 0.4, a very deep “V” groove with a 
half angle of 30 degrees must be chosen and this would 
yield an FMA of 0.6660. This FMA will remain con- 
stant throughout the grasping sequence of the gripper. 
Frictional forces and hence wear and tear on the grip- 
per finger and gripped parts will also occur throughout 
the sequence. Using rolling friction fingers it was ob- 
served that an FMA of 0.6822 occurred (Table 1, 
p ~ ~ O . 0 1  and F&!0 Ibs.) when contact with the nor- 
mal to the roller finger is a mere 20 degrees, thus there 
is a large capture and guidance envelope. And, as the 
gripper sequence continues, this FMA continues to 
grow until it approaches 2 (three times that of the 30 
degree half angle “V” groove). The drastic reduction in 
friction allows the fingers to guide the object into its 
grasp even near the centerline of the rollers. Also, fric- 
tional forces and wear and tear on the gripper fingers 
and gripped parts will essentially be eliminated. 
Rolling friction fingers also do not burr or scar either 
the fingers or the part being grasped as do “V” groove 
fingers. For scarring to occur work must be done along 
40 unpredictable. And, when the object slides along the 
finger surface, the object alternately skids and stops as 
the sliding coefficient of friction alternates between 
psiaric and /Adynamic. This further confuses the sensing 
mechanism. Rolling friction fingers eliminate the fric- 
45 tional forces and these attendant problems. Because the 
contact between the fingers and the object being 
gripped is low friction, the gripper force and tactile 
sensors do not have to contend with a large and unpre- 
dictable friction vector. Thus, their signal to noise ratio 
50 is much improved and the sensor readings are much 
clearer and more predictable. Also as the object is 
guided into the robot fingers, the “skipping” motion 
associated with frictional contacts is avoided and this 
also improve sensing and improves robot control. In the 
55 thermal vacuum of space, where friction is unpredict- 
able, (reportedly 1 2 5 % ) ,  significant reduction of fric- 
tion takes on a special importance. 
Rolling friction fingers enhance the apparent strength 
of the gripper motor. This is obvious because the motor 
60 does not have to overcome the frictional losses between 
fingers and the object being grasped. In addition, the 
effectiveness of the gripper motor is significantly im- 
proved. Since the gripper motor no longer has to use a 
large percentage of its power overcoming friction be- 
65 tween the fingers and the object being grasped, it is 
more efficient and hence able to grip with more force. 
Also, it consumes less power and thermal problems 
caused by the motor overheating are reduced. 
...... 
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Rolling friction fingers also can more reliably release 
an object subjected to side forces and torques; that is. it 
is more difficult to get an object “jammed” in the grip- 
per fingers. When a robot in space attaches an object to 
a structure preliminary to releasing the object from the 
gripper fingers, large residual forces and torques can 
build between the object and the fingers. Rolling fric- 
tion fingers will roll easily anyway from and release the 
object, whereas, fingers using sliding friction hold onto 
the object and the guidance system also can build up 
large friction forces, which will impede the ability of 
the gripper to release the object. 
COMPARISON OF ROLLING FRICTION 
FINGERS WITH SNARE TYPE FINGERS 
The rolling friction finger also has several advantages 
over the snare type end effector for use on medium and 
small sized robots when the required capture ranges are 
moderate (on the order of +/ - I  inch). Under these 
conditions a gripper using rolling fingers: 
1. Can be made much more compact than can the 
snare type end effector and still grasp an object without 
damaging or “burring” it. 
2. Will give much better sensory feedback (force and 
tactile) because it maintains a more solid and precise 
contact with the object then do the wires of the snare. 
3. Can be made much simpler and more reliable than 
can the snare device and it will still perform equally 
well the essential tasks of guiding, grasping, locating 
and holding. 
4. Is much less likely to experience difficulties when 
releasing a grasped object under side forces and torques 
than a snare device. 
ALTERNATE EMBODIMENTS OF THE 
INVENTION 
In addition to the preferred embodiment of this in- 
vention, there are several alternate ways to implement 
this invention which are described below. 
The variation shown in FIGS. 15 and 16 functions in 
the same manner as described in the preferred embodi- 
ment except that the finger design is somewhat simpler 
in that only four rollers per finger are required rather 
than five. Shown are two clamping rollers 70 per finger 
and two centering rollers 68 per finger. As in the pre- 
ferred embodiment, the finger is supported by finger 
shaft 64, centering rollers 68 are mounted on bearing 
shaft 66 which is held by centering roller retainer 62, 
and clamping rollers 70 are mounted on bearing shafts 
72 held by clamping roller retainers 62. In this embodi- 
ment, the finger receptacle must be made thicker (2 
inches thick rather than 0.5 inches). This version can be 
much smaller than the preferred embodiment, thereby 
enabling its use with much smaller robotic objects. 
The variation shown in FIGS. 17 and 18 is another 
variation of the device described in the preferred em- 
bodiment. Referring back to  FIGS. 7-9, there is a possi- 
bility of object to  be grasped 34 rubbing against center- 
ing roller 30 in the Z direction while clamping rollers 32 
were aligning it with respect to Z and twist about Y .  
This variation eliminates that last possible component of 
sliding friction by making the centering roller able to 
both rotate and perform limited translation. Shown in 
the figures are four clamping rollers 82, a centering 
roller 84, a bearing retainer 81, a centering spring 83, a 
spring retainer 85 , a bearing way 86 and a roller hous- 
ing 80. 
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The variation shown in FIGS. 19 and 20 is called a 
Roller Cross System because the rollers that make up 
the left and right fingers are in the form of a cross. 
Shown are four alignment rollers 90 mounted on a rol- 
ler housing 92. As in the preferred embodiment, each 
alignment roller 90 consists of a roller 97 mounted on a 
bearing 98 which is mounted on a bearing shaft 99. The 
roller housing 92 is affixed to the gripper housing by a 
finger shaft 94. FIGS. 21A-21C show the object to be 
grasped 91 for this embodiment. Note that this object is 
quite similar to the object shown in FIG.  4 in that it too 
ha- a number of “engagements” and functions in much 
the same manner. Object 91 has two sets of guide planes 
95 on either end, two sets of seating planes 93 on either 
end, and a pair of rotational alignment chamfers 96 on 
either end. FIGS. 22A and 22B show how this version 
of the rolling friction finger mechanism centers the 
object 91 to be grasped with respect to Z ,  twist about X 
and twist about Y. FIGS. 22C and 22D show how the 
object to be grasped 91 is centered with respect to X 
and twist about Z .  FIG. 23 shows the final seating of 
object 91, to include centering with respect to Y (con- 
sidering both fingers). This system absolutely constrains 
the object 91 to  be grasped. That is to say, object 91 is 
fixed in place by direct mechanical contact in all six 
vectorial directions, thus repeatability will be very 
good. The variations described previously actually use 
friction backed up by a mechanical constraint, to locate 
and hold the object to be grasped in X axis. Thus, there 
may be an uncertainty in the repeatability each time the 
gripper grasps an object. 
To those skilled in the art, many modifications and 
variations of the present invention are possible in light 
of the above teachings. It is therefore to be understood 
that the present invention can be practiced otherwise 
than as specifically described herein and still will be 
within the spirit and scope of the appended claims. 
I claim: 
1. A low friction, object guidance, and gripping fin- 
ger device for a robotic end effector on a robotic arm, 
comprising: 
a pair of robotic fingers each having a finger shaft 
slideably located on a gripper housing attached to 
said end effector; 
each of said robotic fingers comprising a roller hous- 
ing affixed to said finger shaft, said roller housing 
having one ball-bearing mounted centering roller 
affixed at the center and two ball bearing mounted 
clamping rollers affixed one on top of the other on 
either side of said centering roller; 
said object having a recess to engage said centering 
roller and a plurality of seating ramps to  engage 
said clamping rollers; 
said centering roller acting to position and hold said 
object symmetrically about said centering roller 
with respect to an X axis; 
said clamping rollers acting to position and hold said 
object with respect to  a Y and Z axis; 
said X and Y axis being located in a horizontal plane 
and orthogonal to one another, and said Z axis 
being located in a vertical plane which is orthogo- 
nal to  said horizontal plane. 
2. The device of claim 1 wherein said rollers are made 
from a resilient material. 
3. The device of claim 1 wherein said roller housing 
has two ball bearing mounted centering rollers affixed 
one on top of the other at the center and one ball bear- 
5,120,101 
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ing mounted clamping roller affixed on either side of 
said centering rollers. 
4. The device of claim 1 further including a means for 
tiOn Comprises a t\vO way bearing. a Centering Spring. a 
spring retainer. a bearing way and a roller housing. 
6.  The device of claim 1 wherein said roller housing 
has four co-planar bearing mounted alignment rollers 
roller being at 90' to the longitudinal axis of the adja- 
cent alignment bearing. 
said bearing mounted centering to rotate and 5 located thereon. the longitudinal axis of each alignment 
perform limited translation. 
5. The device of claim 4 wherein said means for said 
centering roller to rotate and perform limited transla- * * * * *  
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